Sequential measurements of annual wear showed that the zirconia femoral head had a relatively higher rate of penetration than the cobalt-chrome head over the first three years; thereafter the rate of wear was reduced and compared favourably with that of cobalt-chrome heads. There was a statistically significant relationship between the wear of the polyethylene liner and the age of the patient, male gender and the degree of abduction angle of the cup, but not diagnosis, weight, hip score, range of movement, or amount of anteversion. Osteolysis was identified on both sides of the acetabulum in six patients (9%). Of 12 hips with acetabular osteolysis, six had a 28 mm cobalt-chrome femoral head and the remaining six a 28 mm zirconia head. Osteolysis was observed in zones 1A and 7A of the femur in two hips (3%) with a 28 mm zirconia head (cemented hip) and in four (6%) with a 28 mm cobalt-chrome femoral head (cementless hip).
Wear, periprosthetic osteolysis and aseptic loosening are factors which limit the functional life of total hip arthroplasties (THA). Current designs of prosthesis attempt to minimise the generation of polyethylene debris and its damaging effects by avoiding the use of femoral heads of large diameter, excessively thin polyethylene and metalbacked cups with screw holes, and by increasing the stability of modular connections. 1 As alternatives to metal-on-polyethylene bearings, use has been made of ceramic femoral heads articulating with polyethylene or metal-on-metal or ceramic-on-ceramic bearings. Experimental and clinical studies have shown that these produce less particulate debris and a less intense chronic inflammatory reaction than the standard metal-onpolyethylene articulation. 2, 3 The ceramic femoral head is made either of aluminium oxide or zirconium oxide. Alumina ceramics were the first to be introduced for use in total joint arthroplasty, but there were clinical problems because of their brittleness and propensity to fracture. To overcome this, zirconia ceramic which had improved toughness and wear properties was introduced. This has one-fifth of the wear of alumina ceramic-on-polyethylene, and its greater toughness allows the use of femoral heads with smaller diameters than those made of alumina. 4 Efforts to improve the performance of polyethylene liners used in THA led to the development of Hylamer (DePuy Dupont Orthopaedics, Warsaw, Indiana), 5 a high crystalline form of ultra-high-molecular-weight-polyethylene. The process consists of realigning the long molecular chains (400 000 monomer units) that make up ultra-highmolecular-weight polyethylene. During realignment the short chain-fold crystalline regions of length "L" in conventional ultra-high-molecular weight-polyethylene are converted to extended chain-fold crystalline regions of length approximately "10L", forming the Hylamer molecular structure. It was claimed that wear was reduced by 60% to 100% by a combination of a zirconia femoral head with a Hylamer liner, 5 but clinical reports of the early failure of the Hylamer have led to increased concern about its use. 6, 7 We have therefore evaluated prospectively the performance of an implant with a Hylamer liner and either a zirconia or a cobalt-chrome femoral head.
Patients and Methods
Between July 1992 and November 1994 we performed bilateral simultaneous primary THA in 70 patients below 50 years of age. All operations were performed by one surgeon (Y-HK) and no patient was lost to follow-up.
There were 57 men and 13 women with a mean age at the time of operation of 39.9 years (21 to 50); 21 were between 21 and 30 years, 18 between 31 and 40 years, and 31 between 41 and 50 years. Their mean weight was 58.5 kg (48 to 85). The diagnosis was osteonecrosis of the femoral head in 53 patients (106 hips, 76%), osteoarthritis in five (10 hips, 7%), developmental dysplasia in four (eight hips, 6%) and ankylosing spondylitis in four (eight hips, 6%). The mean follow-up was 6.4 years (5 to 7).
A cementless Duraloc acetabular component (DePuy, Warsaw, Indiana) was used in all hips. In 70 a Duraloc 1200 series component with multiple screw holes was used; one screw was used to fix the component in 30 and no screw was used in the remaining 40 hips. Thirty-five components were implanted on the right and left side, respectively. In the remaining 70 a Duraloc 100 series component without a screw hole was used with 35 being implanted on the right and 35 on the left side. In all hips, the acetabular component was a press-fit after under-reaming by 2 mm.
In the hips in the 1200 series, a Hylamer liner of 28 mm was used in 35 and of 22 mm (inner diameter) in 35, and in those in the 100 series a liner of 28 mm (inner diameter) was used in 35 hips and of 22 mm (inner diameter) in 35. The sizes of the acetabular component are given in Table I . The mean thickness of the liner was 11.0 mm (8.8 to 12.2) in the hips with a zirconia head and 10.7 mm (8.8 to 12.2) in those with a cobalt-chrome head.
In the 70 patients cementless Profile femoral components were used on one side, 35 on the right and 35 on the left side. On the opposite side cemented Elite plus femoral components were used, 35 on the right and 35 on the left side. In 35 hips with a cementless Profile stem a 28 mm cobalt-chrome femoral head was used and in the remaining 35 hips with a Profile stem a 22 mm cobalt-chrome head was used. In the 35 hips with a cemented Elite or Elite plus stem a 28 mm zirconia femoral head was used and in the remaining 35 a 22 mm zirconia head. The size of the femoral components is given in Table I. For the cementless fixation, the femoral components were inserted with a press-fit on the basis of the preoperative use of templates. If the broach filled the canal completely with little remaining cancellous bone, the rotational stability of the broach was assessed. In the cemented hips, the fourth-generation technique of application was used with insertion of an intramedullary plug, irrigation with pulsatile lavage, vacuum-mixed Simplex-P bone cement (Howmedica, Rutherford, New Jersey) and injection into the canal in a retrograde fashion using a cement gun (DePuy, Warsaw, Indiana). A rubber seal was used to pressurise the cement and a forged stainless-steel (Otron 90) polished collarless femoral stem was used. Femoral cementing was classified on the postoperative radiographs according to the system of Barrack, Mulroy and Harris. weeks, three and six months and at one year after the operation and yearly thereafter. The clinical ratings 9 were determined before the operation and at each follow-up examination.
Loosening of the cementless femoral component was diagnosed if there was a varus shift or progressive axial subsidence of more than 5 mm. 10, 11 The criteria used to define loosening of the cemented femoral component have been reported previously, 12 but only definite evidence of loosening was considered in this study. Definite loosening is defined as either subsidence of the stem or the mantle of the cement, bending or breakage of the stem, or a crack in the mantle of cement. Debonding of the cement-metal interface, as shown by a radiolucent line of any width at this interface, was considered to indicate subsidence of the stem which was then classified as loose. Loosening of the acetabular component was diagnosed if there was a change in position or a continuous radiolucent line wider than 2 mm on both the anteroposterior and lateral views. Anteroposterior, frog-lateral, cross-table lateral, and Judet views were examined for evidence of osteolysis around the femoral stem. Ballooning-type osteolysis was defined as any well-described localised lucency or bone resorption, absent on immediate postoperative radiographs, developing around the acetabular and femoral components which, by its appearance, could not be caused simply by the mechanical damage of a loose prosthesis. The location and size of osteolytic lesions were recorded by dividing the area around the acetabular component into three zones, 13 and the femoral component into 14 zones. 14 Osteolysis was measured to include the length and width of the lesion in square centimetres. Linear wear of the polyethylene liner was measured by a software program (Auto CAD release R13; AutoDesk Inc, Sausalito, California). A scanmaker 9600XL flat-bed imaging scanner digitised the anteroposterior view of the pelvis as two-dimensional gray scale arrays of 12-bit (256 gray level) intergers. The scanning resolution was 600 pixels per square inch. Wear, defined as penetration of the head into the liner, was determined at annual intervals from anteroposterior pelvic radiographs using software which allowed us to calculate the change in position of the centre of the head relative to that of the cup. The amount of penetration on postoperative radiographs at six weeks was assigned the 'zero' position. Wear was calculated as subsequent movement from this initial point (Fig. 1 ). Volumetric wear was calculated using the equation:
where V = volumetric wear, ␥ = radius of the femoral head and = measured linear wear. The difference in the rate of wear was determined between a 22 and a 28 mm femoral head as well as the difference between a zirconia and a cobalt-chrome femoral head. The anteversion and abduction angle of the acetabular component were measured, and an attempt was made to correlate wear in the liner with these measurements. Statistical analysis. We used the chi-squared test with Yates' correction, the Student two-tailed t-test, and analysis of variance. 15 The Kaplan-Meier curve method 16 was used in the analysis of failure-free rate. Also, Greenwood's formula 17 was used in calculating the confidence intervals of the failure-free rate at a certain time point.
Results
The pre-and postoperative hip scores, pain score, functional score, deformity score and range of movement in both groups are presented in Table II . The clinical ratings are given in Table III . Improvement in the hip score was significant at three months after the operation in both groups. The hip scores of the cementless group were slightly lower than those of the cemented group until one year after the operation, and then about the same in both groups at the time of further follow-up. The mean hip score for men at the final follow-up was 90.2 (84 to 100) in the cemented group and 91 (82 to 100) in the cementless group. The mean hip score for women at the final follow-up examination was 90.6 (84 to 100) in the cemented group and 92 (82 to 100) in the cementless group. These differences were not significant by analysis of variance (p=0.78).
Femoral cementing was classified on the postoperative radiographs as grade A in 55 hips (79%), grade B in ten (14%) and grade C1 in five (7%). No hip had subsidence or aseptic loosening of the cemented stem. In the cementless hips, 66 of 70 stems (94%) had a satisfactory fill in both the coronal and sagittal planes 11 (Fig. 2) . The remaining four Postoperative radiograph of both hips of a 34-year-old man who had osteonecrosis of both femoral heads six years after surgery. The Profile stem has a satisfactory fill in both the coronal and sagittal planes. It is well fixed without subsidence of the components. Also, the Elite plus cemented femoral stem (cementing grade A) is well fixed without subsidence and there is no radiolucent line between the bone and cement interface. The acetabular components in both hips are well fixed by bone ingrowth with no osteolysis.
(6%) had a satisfactory fill in the coronal plane only.
11
Although no hip had aseptic loosening at the final followup, these four patients (four hips) had mild or moderate thigh pain until two or three years after the operation. All femoral components had bone ingrowth and spot welds. No hip had stable or unstable fibrous ingrowth. The mean lateral opening of the acetabular component was 45° (31 to 70) in the cemented group. Two had excessive lateral opening (60° and 70°), but this did not lead to dislocation or excessive wear of the liner. In the cementless group, the mean lateral opening of the acetabular component was 48° (30 to 65). Three had excessive lateral opening (60°, 63° and 65°); and this did not lead to dislocation or excessive wear of the liner.
The linear and volumetric wear and the wear rate per year of the liner are given in Table IV Table  V . The zirconia head showed relatively higher rates of penetration than the cobalt-chrome head during the first three years. The reduced rates of wear followed rapid initial penetration in the first three years and compared favourably with those of cobalt-chrome heads. We found a statistically significant relationship between wear of the liner and the age of patient, male gender and the degree of abduction angle of the acetabular component, but not diagnosis, weight, hip score, range of movement or amount of anteversion.
At the latest follow-up, osteolysis was identified on both sides of the acetabulum in six patients (9% head and six a 28 mm zirconia head (Fig. 3) . Osteolysis was observed in zones 1A and 7A of the femur in two hips (3%) with a 28 mm zirconia head (cemented hips) and in four (6%) with a 28 mm cobalt-chrome head (cementless hips). All patients with osteolysis in the acetabulum and femur were male and under 40 years of age. The location and size of the osteolytic lesions are given in Table VI . There were no loose femoral or acetabular beads. No hip required revision of a femoral or acetabular component for aseptic loosening. One hip (1%) with a cemented femoral and a cementless acetabular component was revised for late infection (at one year and one month after operation) and one (1%) with cementless femoral and acetabular components for recurrent dislocation at three years and one month after operation. We used no prophylaxis against thromboembolism. Six patients (9%) in the cemented group and 14 (20%) in the cementless group had venographic evidence of silent deepvenous thrombi in the operated limb. This difference was not statistically significant (chi-squared test, p=0.221). None was treated and none had a pulmonary embolism.
Discussion
We have evaluated the prevalence of aseptic loosening, the rate of wear of a Hylamer liner of different sizes and types of material in the femoral head, periprosthetic osteolysis, and revision operations in a series of patients younger than 50 years of age who had had bilateral simultaneous THA using a so-called fourth-generation cementing technique on one side and a second-generation cementless technique on the opposite side. No patient was lost to follow-up. There had been no revision of either the acetabular or femoral component for aseptic loosening by 6.4 years and no acetabular or femoral component was loose according to radiological criteria in either the cemented or cementless groups. This is a marked change from the results reported using first-generation cemented and cementless total hip prostheses 10, 11, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and confirm the findings of previous authors. 8, 28, 29 Cementless acetabular components were introduced in response to the problem of late loosening of cemented components. Clohisy and Harris 30, 31 reported that none of their cementless acetabular components migrated or were revised because of aseptic loosening. Our results confirm their findings. There was no evidence of fragmentation or disruption of the titanium porous bed of any cup. There was no difference in fixation between the acetabular component fixed with a screw and those fixed without a screw. There were no complications associated with the insertion of acetabular fixation screws. Efforts to improve the performance of polyethylene liners used in total joint replacement led to the development of Hylamer, 5 a highly crystalline form of ultra-high-molecular-weight polyethylene and the use of ceramic. The increase in crystallinity is accompanied by an increase in the modulus of elasticity, yield strength, and density. It was hoped that this change in mechanical properties would enhance wear characteristics, reduce the generation of debris and increase the longevity of the implant. Although hip simulator tests have shown the enhanced performance of Hylamer compared with conventional 415 GUR polyethylene, clinical reports of early failure of Hylamer led to increased concern regarding the use of these acetabular liners. 6, 7 There is considerable interest in ceramic implants because of increased awareness that wear debris from a metal-on-polyethylene articulation may cause osteolysis. 34 Ceramics have excellent mechanical and sliding characteristics and good biocompatibility. [32] [33] [34] [35] [36] [37] A combination of a Hylamer liner and zirconia femoral head was introduced to reduce the rate of wear. It has been claimed that reduction of wear can be achieved to 60% to 100% on implant of a cobalt-chrome femoral head and conventional polyethylene. 5 In our study, the mean rate of linear wear and annual wear was highest with the 22 mm zirconia femoral head and lowest with the 22 mm cobalt-chrome head. The mean volumetric wear was highest with the 28 mm zirconia head and lowest with the 22 mm cobalt-chrome head. Although there was no statistical difference in the rate of wear between a 22 mm cobalt-chrome head and a 22 mm zirconia head (Student's two-tailed t-test, p=0.393) and also between a 28 mm cobalt-chrome head and a 28 mm zirconia head (Student's two-tailed t-test, p=0.357), there was a tendency to have a higher rate of wear in hips with a zirconia head in the first three years after the operation. The wear rate of the zirconia head was gradually reduced in the subsequent years and it was less than that of the cobaltchrome head at the final follow-up examination. Also, there was no statistical difference in the rate of wear between the 22 mm and the 28 mm head regardless of the type of the femoral head.
Wroblewski et al 37 reported the unusual pattern of initial and relatively rapid bedding-in of alumina-ceramic femoral heads into cross-linked polyethylene acetabular cups with a greatly reduced subsequent rate of penetration. They claimed that the initial bedding-in of alumina-ceramic heads was probably attributable mainly to creep, rather than to wear. Our study showed that the inital bedding-in was substantially higher in the zirconia head (in both 22 mm and 28 mm heads) than in the cobalt-chrome head during the first three years. We also believe that the initial bedding-in may be due to creep rather than to wear. The reduced rates of wear followed rapid initial penetration in the first three years and compare favourably with those of cobalt-chrome heads. Osteolysis around total hip implants may be the most important cause of late failure. 38 Given that access to the periprosthetic interface is a central feature of this theory, [39] [40] [41] we tried to determine whether the method of femoral fixation (with or without cement) affected the prevalence of osteolysis around a prosthesis. The Profile porous-coated femoral component is an anatomical stem of titanium alloy with titanium beads on the circumferential surface of its proximal portion. The Elite plus prosthesis is a straight stainless-steel (Ortron 90) stem with rounded corners and an entirely smooth surface. Both of these components are modular. The rate of osteolysis in zones 1A and 7A with a cemented stem and a 28 mm zirconia head was 3% (2/70) and 6% (4/70) with a cementless stem and a 28 mm cobaltchrome head. In the latter this was lower than the 18% reported by Heekin et al, 23 and much lower than the 33%
reported by Kim and Kim 11 in patients who had a porouscoated anatomic prosthesis. The rate of osteolysis with a cemented stem was similar to that reported by Goetz et al 41 in patients who had a cemented precoat prosthesis. The low incidence of osteolysis around the femoral stem in both of our groups suggests that a satisfactory canal-fill stem with a circumferential porous coating which extends into the proximal cortical bone in the cementless group and cement in the cemented group limit the spread of particulate debris. The finding of osteolysis exclusively in periarticular locations implies that these forms of fixation limit the so-called effective joint space. 40 Twelve (9%) of the 140 hips in which a porous-coated acetabular component was used had evidence of osteolysis which extended beyond the immediate periarticular space. The osteolytic lesions were expansile, extending through relatively weaker and more porous cancellous bone into the ilium, the ischium and the pubis. In all hips, this spread was away from the interface between the implant and the bone, which was spared until the process was extensive.
Our findings have shown that although the performance of an implant with a Hylamer liner and a zirconia head did not differ statistically from that of a Hylamer liner and a cobalt-chrome head, there was a trend for the zirconia head to be worse than the cobalt-chrome head.
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